Combination therapy with the advanced glycation end product cross-link breaker, alagebrium, and angiotensin converting enzyme inhibitors in diabetes: synergy or redundancy?
Blockade of advanced glycation end product (AGE) accumulation with alagebrium with concomitant angiotensin converting enzyme inhibition was tested for effects on renal function and on other postulated mediators of diabetic renal disease including the renin-angiotensin system, AGEs, mitochondrial and cytosolic oxidative stress, and intracellular signaling molecules. Sprague Dawley rats were rendered diabetic with streptozocin and followed consecutively for 32 wk with nondiabetic controls. Groups were treated with ramipril (1 mg/kg.d; wk 0-32); alagebrium (10 mg/kg.d; wk 16-32); or a combination of both. Although individual treatments had significant effects on albuminuria, no further improvements were seen with combination therapy. Changes in urinary vascular endothelial growth factor excretion mirrored those seen in albuminuria. Diabetes was associated with suppression of circulating angiotensin II in the context of increased circulating and renal levels of the AGE, carboxymethyllysine. All treatments attenuated circulating but not renal carboxymethyllysine levels. The renal gene expression of AGE receptor 1 and soluble receptor for advanced glycation end products were markedly reduced by diabetes and normalized with alagebrium. Diabetes induced renal mitochondrial oxidative stress, which was reduced with alagebrium. In the cytosol, both therapies were equally effective in reducing reactive oxygen species production. Increases in membranous protein kinase C activity in diabetes were attenuated by all treatments, whereas diabetes-associated increases in nuclear factor-kappaB p65 translocation remained unaltered by any therapy. It is evident that renin-angiotensin system blockade and AGE inhibition have specific effects. However, many of their downstream effects appear to be similar, suggesting that their renoprotective benefits may ultimately involve common pathways and key points of convergence, which could be important targets for new therapies in diabetic nephropathy.